We compared results obtained by (a) chemical (spectrophotometric) and competitive protein-binding assays for serum corticosterOids, and (b) competitive proteinbinding and radioimmunoassay, with and without CCI4 extraction, for serum cortisol. The two corticosteroid methods gave identical results. Radioimmunoassay with and without a CCI4 extraction step gave identical results for cortisol. Competitive protein-binding assays for cortisol(withand withoutCd4 extraction) and radioimmunoassay for cortisol gave similar results. Specimens with above-normal corticosterone or 11-deoxycortisol concentrations are an exception: only methods that included CCI4 extraction gave correct values for cortisol; methods without such an extraction step overestimated cortisol. The normal serum corticosteroid concentration (mean SD) was 175 ± 53 tg/liter for morning specimens, and 103 ± 40 ig/Iiter for specimens collected in the afternoon. For cortisol, the corresponding values were 162 ± 44 and 82 ± 29 zg/liter. (a) by the chemical (spectrophotometric) and CPB assays and (b) by the CPB and modified CPB and the directand modified RIA for serum cortisol.
Since Murphy's
(1) study on the CPB1 assay for plasma total corticosteroids, various modifications of the method have appeared in the literature, one
being an organic-solvent extraction step to improve the specificity ofthe method for11-deoxycortisol and cortisol (2) (3) (4) . RIA for various clinically important blood corticosteroids were also reported (5) (6) (7) (8) , but studiescomparing results of these various corticosteroidassaysarescanty (9, 10).
Here, we compare results for serum corticosteroid obtained (a) by the chemical (spectrophotometric) and CPB assays and (b) by the CPB and modified CPB and the directand modified RIA for serum cor-Because the various methods used have similar names, the names and procedures used throughout thispaper aredefinedas follows, to avoid confusion:
1. CPB corticosteroid assay: The procedure in which human serum cortisol-binding globulin (CBG) is used as binder, [3H]corticosterone as labeled hgand, Florisil to separatefreeand bound ligands, and cortisol as standard.
CPB cortisol assay:
The procedure in which human serum CBG isused as binder,[3H]cortisol as labeled ligand,fuller's earth to separate free and bound ligands, and cortisol as standard.
3. Modified CPB cortisol assay: The procedure in which 11-deoxycortisol and corticosterone are removed from the sample by Cd4 extraction before the assay but which otherwise is the same as 2.
4. Direct RIA for cortisol: The procedure in which cortisol is directly measured in the serum after thermal inactivation of CGB; antiserum to cortisol 21-succinate-bovine serum albumin is used as binder, [3H]cortisol as labeled ligand, dextran-and serumcoated charcoalto separatefreeand bound ligands, and cortisol as standard.
5. Modified RIA for cortisol: The procedure in which 11-deoxycortisol and corticosterone are first removed from the sample by CC14 extraction, the rest ofthe procedurebeingthe same as 4.
Materials and Methods
Reagents. All chemicals were of reagent grade and all organic solvents were redistilled before use.
[ Tritium counting. Radioactivity was measured by mixing 0.5or 1.2ml of aqueous sample with 5 or 10 ml, respectively, of "Insta-Gel"(Packard Instrument Co.,Downers Grove, III. 60515) in a liquidscintillation counting vialand counting in a Packard 3375 liquidscintillation spectrometer. Counting efficiency was 27%. Each sample was counted for 1 mm or 10 000 counts.
CPB corticosteroid assay (method 1). The method basically was Murphy's system IV (1) . To 0.4 ml of serum in a conical centrifuge tube was added 1.2 ml of ethanol:water (95:5 by vol). The tube was vortexmixed and centrifuged; duplicate0. 4 in ethanol, and 100 ml of distilled water, and 1 ml of this mixture was added to the residue in each tube. The tubes were then shaken for 1 mm on a mechanical shaker, incubated at 45 #{176}C in a water bath for 5 mm, and chilled in an ice bath for 5 mm.
Florisil, about 40 mg (measured
with small glass spoon), was added to each tube and the tube was shaken for 2 mm and returned to the icebath for5 mm (theFlorisil settled to the bottom of the tube in thisperiod).For counting,0.5 ml of the supernate was transferred into counting vials and the radioactivity was determined as described above. 
Modified CPB cortisol assay (method 3)
. We used Spark's method (2) , with some modification. To 1 ml ofserum ina 15-ml conical centrifuge tube was added 3 ml of ethanol:water (95:5by vol).The contentsof the tube were vortex-mixed and centrifuged; 2.0ml of the supernate was transferred intoa 15 X 85 mm disposable tube and evaporated. The residue in each tube was dissolved in 4 ml of distilled water, transferred quantitatively to a 60-ml separatory funnel, and extracted three times with 6-ml portions of CC14 (the first portion being first used to rinse the tube, then used for the first extraction of the solution in the separatoryfunnel).Ifdesired,the CC14 extracts could be combined and saved for determination of li-deoxycortisol and corticosterone. The aqueous (upper) phase, which contained the cortisol, was centrifuged to remove any denatured protein precipitate. Duplicate 0.8-ml samples of the clear supernate were transferred to 15 X 85 mm disposable tubes for -assay, and 0. incubatedat 45 #{176}C for30 mm and then chilled in an icebath for 10 mm; 0.25 ml of dextran-and serumcoated charcoal(12.5mg of charcoal)was added to each tube and vortex-mixed, and then the mixture was chilledin an icebath foran additional30 mm. After the tubes were centrifuged (4 #{176}C, 1000 X g, 5 mm), the supernatant fluid was poured into a liquid scintillation countingvial without disturbing the precipitate, and the radioactivity was determined.
Modified RIA for cortisol (method 5).
The procedures for denaturation of serum protein and extraction with Cd4 to remove 11-deoxycortisol and corticosterone were the same as in method 3. After CC!4 extraction and centrifugation, 50 ,d of the clearsupernate was used in the RIA for cortisol as in method 
Results

Analytical Variables
Inter-assay precision of the respective methods (Table 1) was calculated from results obtainedby repeated determinations on the same specimen over a periodofseveral months. Recovery (Table 2) of cortisol added to serum was practically quantitative forthe two extraction methods-denaturation of serum protein by ethanol (method 1) and deproteinization followed by reconstitution in water and extraction with CC14 (method 3).
Method Comparisons
CPB corticosteroid
assay and chemical corticosteroid assay. In Figure 1, The modified CPB cortisol assay gave slightly lower values than did the modified RIA assay. The CPB method forcortisol gave values that were about the same as those by the modified RIA cortisol except at the higher concentrations, where the CPB cortisol method gave higher values. The CPB corticosteroid assay consistently gave higher values than did the modified cortisol RIA. Table 4 shows results obtained with the CPB corticosteroid assays and the modified CPB, direct RIA, and modified RIA cortisol assays when different amounts of corticosterone or 11-deoxycortisol were added to the specimen to simulate samples from patientswith 17-hydroxylaseor 11-hydroxylasedeficiency or under metyrapone suppression of cortisol synthesis. It is evident that only the methods with the Cd4 extraction step (that is, modified CPB and modifiedRIA forcortisol) gave correct values for cortisol. Methods in which the CC14 extraction step was omittedgave high values. Table 5 gives the normal values we found for corticosteroid and cortisol as determined by the CPB corticosteroid and modifiedcortisol RIA methods. 
Limitations of Various Methods
Normal Values
Discussion
Because the Porter-Silber method measures cortiso!,11-deoxycortisol, and cortisDne (13) and the CPB corticosteroid method primarily measures cortisol, 11-deoxycortisol, and corticosterone (1) , and because concentrations of steroids other than cortisol are relatively low in blood,the good agreement obtained between these two methods was expected, although Burton et a!. (9) reported that the chemical method consistently gave higher values than those obtained by the CPB method (r = 0.869) (8) . The discrepancy may result from slight differences in experimental technique in the two laboratories. Although the antiserum used in the present study cross-reacted with corticosterone (89%) and to a lesser degree with 11-deoxycortisol (1.8%), the relatively low concentrations of these two steroids in normal subjects led us to anticipate the good correlation be- tween resultsobtained by the directand modified cortisol RIA methods and between those obtained by the CPB and modified CPB assays for cortiso!. The proportion of cortisol to total corticosteroid varies from specimen to specimen (Table 3) . When corticosterone or 11-deoxycortisol was added to the serum samples, the methods without CC!4 extraction grossly overestimated cortisol, but methods that included extraction with CC!4 did not. Because the cortisol-binding proteinlacks specificity and because antisera to cortisol commonly crossreact with corticosterone and 11-deoxycortisol, we recommend that routine diagnostic laboratories incorporate the CC14 extraction step in the cortisol assay to ensure satisfactory specificity.
In the modified CPB assay for cortisol originally described by Spark (2),after CC!4 extraction the aqueous phase was extracted with CH2C12, and cortiso!was determined in the residueof the evaporated CH2C!2 extract. One improvement we made was to determine cortiso! directly in the clear aqueous phase after extraction with CC!4, thus avoiding the CH2C!2 re-extraction and subsequent evaporation steps. The small amount of precipitate present in the cloudy aqueous phase after CC!4 extraction must be removed by centrifugation before the aqueous phase can be used to determine cortisol by the CPB cortisol assay;ifitisnot removed, results will be falsely high.
We find that the terms "corticosteroid assay" and "cortisol assay" are often used interchangeably by physicians and sometimes even by laboratory personnel. Our results serve to emphasize that the two assays are different. Even among the various cortisol assays, different results were obtained with and without CC!4 extraction and thus require different interpretations.
